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Introduction
Colorectal cancer (CRC) is globally a major cause of cancer morbidity and mortality, being the third most commonly diagnosed cancer in males and the second most common in females with more than 1.4 million new cancer cases diagnosed in 2012 [1] . Approximately, one third of patients initially present with metastases and almost 50% of patients diagnosed at early stage will eventually develop metastatic or irresectable locally advanced disease [2] .
The treatment of metastatic or irresectable CRC has since the late 1950s been based on fluoropyrimidine (FP) 5-fluorouracil (5-FU), a nucleoside analog combined with calcium-folinate (leucovorin), leading to median survival rates of around 12 months [3] [4] [5] . Outcome benefits have been improved by adding oxaliplatin (e.g. FOLFOX) [6] or irinotecan (e.g. FOLFIRI) [7] , and monoclonal antibodies (cetuximab, panitumumab, bevacizumab), fusion proteins (aflibercept), and tyrosine kinase inhibitors (regorafenib), leading to median overall survival (OS) rates of around 2 years [8, 9] . Bevacizumab is a humanized monoclonal antibody against vascular endothelial growth factor, one of the major growth factors involved in vessel formation, which is crucial for the growth and invasion of malignant cells [10] . Randomized clinical trials have revealed a significant benefit in progression-free-survival (PFS) and OS, when bevacizumab is added to 5-FU based chemotherapy regimens [11] [12] [13] [14] [15] [16] [17] [18] [19] .
However, only a subset of patients respond to targeted agents such as bevacizumab, and the overall clinical benefit is limited. Also, toxic side effects and high treatment costs should be considered [20] . Therefore, new methods to stratify patients before treatment with bevacizumab, based on predictive-and prognostic factors are urgently needed. Angiopredict (www.angiopredict.com) is a Framework Programme 7 (FP7) European Commission funded, multidisciplinary and multi-institutional research project that seeks to identify predictive genomic biomarker signatures for metastatic CRC patients receiving combination bevacizumab therapy. Multi-omic molecular analyses are currently being performed on retrospectively retrieved samples from patients undergoing chemotherapy with or without bevacizumab therapy, collected at centers in Ireland, the Netherlands, and Germany. Validation of findings will be performed on tissues prospectively collected in the ongoing AC-Angiopredict Phase II Exploratory trial (NCT01822444).
Herein, we sought to evaluate the clinical and pathological characteristics, the survival rates, and clinical prognostic factors in a pooled retrospective cohort of patients from the Angiopredict study that have been treated with combination bevacizumab therapy.
Patients and Methods

Patients
Patients with advanced (locally irresectable or metastatic) CRC commencing combination chemotherapy including Bevacizumab between July 2004 and April 2012 were included in this analysis. Clinicopathological data were collected within 3 different cohorts:
(1) University Hospital Mannheim, Heidelberg University, Mannheim, Germany (UHEI); (2) VU University Medical Center Amsterdam, the Netherlands and several other Dutch hospitals (VUMC); and (3) Royal College of Surgeons in Ireland, Beaumont Hospital, Dublin, Ireland (RCSI). Criteria for inclusion were: (1) histologically proven diagnosis of colon or rectum adenocarcinoma, either metastasized or locally advanced and irresectable, (2) combination chemotherapy with a regimen including bevacizumab at any line of chemotherapy.
T-and N-classifications, grading, and localization of the tumor samples were collected by reviewing patients' records. T-and Nclassifications, and grading were routinely evaluated by different pathologists from the participating centers using AJCC/UICC and WHO guidelines, respectively [21, 22] .
Colon cancers located from caecum to hepatic flexure were defined as right-sided cancers, and tumors located from transverse colon to sigmoid as left-sided. KRAS mutations in codons 12/13 were assessed.
Chemotherapy
Chemotherapy, administered together with Bevacizumab, included the following regimens: (A) Fluoropyrimidine (FP)-based chemotherapy (5-fluorouracil (5-FU), 5-FU and leucovorin, capecitabine), (B) oxaliplatin doublets (FOLFOX, CapOX/XelOX, oxaliplatin and raltitrexed), (C) irinotecan doublets (FOLFIRI, CapIRI/XelIRI, irinotecan and raltitrexed) and (D) others (irinotecan, oxaliplatin, mitomycin or no backbone). All patients from the VUMC cohort were treated with either FOLFOX or CapOX and bevacizumab.
Follow-Up
The observation period for each patient commenced with the initiation of bevacizumab treatment. Clinical data for the 3 cohorts were routinely collected and documented by the treating physician. The follow-up period for the UHEI, VUMC and RSCI co- Institutional Review Board approval was obtained from the responsible Ethics Committees for all participating study centers.
Statistical Analysis
The data from the 3 cohorts were assessed via pooled analysis using individual patient data. Fisher's exact test was used to compare the distribution of clinicopathological factors between centers. PFS was defined as the time from start of bevacizumab therapy to progressive disease or death from any cause, whichever occurred first. Patients stopping bevacizumab therapy due to reasons other than progression or death were censored as of the date of treatment cessation. OS was defined as the time from start of bevacizumab to death from any cause. All patient data were administratively censored after 60 months.
Time to progression and death were retrospectively determined by chart review. PFS and OSs were investigated using the Kaplan-Meier method and compared by log-rank test or using Cox proportional hazards regression model. Log-rank tests and Cox regression were calculated with stratification by cohort to adjust for center effect.
For multivariable Cox proportional hazards regression models, multiple imputation (B = 100) of missing values was performed using the predictive mean matching algorithm as implemented in R package Hmisc [23] .
All statistical calculations were performed using R (version 3.1, R Foundation for Statistical Computing, Vienna, Austria. http:// www.R-project.org/). All reported p values were 2-sided with significance at p < 0.05.
Results
Patient Characteristics
A total of 172 patients were included in this analysis. Of which, 97 patients were treated at UHEI, 32 at the RCSI, and 43 were part of the VUMC cohort.
Fifty-four (31%) patients were females and 118 (69%) males, 115 (67%) had a primary colon and 57 (33%) a primary rectum cancer. The median age at the start of treatment with bevacizumab was 65 years (mean 63.7, range 27-84). Eighty patients (47%) were older than 65 years, 90 patients (53%) were 65 years or younger. One hundred twenty nine patients (75%) were treated with a chemotherapy regimen that included bevacizumab in first line, 33 (19%) in second line, 10 (6%) in third or later lines. Fiftyeight patients (34%) received an irinotecan doublet chemotherapy backbone, 83 (48%) an oxaliplatin doublet. Twenty-four patients (14%) received bevacizumab together with a FP monotherapy, 7 patients (4%) were treated with bevacizumab and irinotecan or with bevacizumab as monotherapy. Other patient characteristics are shown in table 1 . Tumor grade was available for 146 patients, T classification for 160, N classification for 156 patients. Data regarding surgery of the primary tumor or of metastases could not be determined for all patients and could therefore not be analyzed for the pooled retrospective cohort. The 3 cohorts included differed significantly with respect to gender, age, T-classification, grading, location of the primary tumor, treatment line, and chemotherapy backbone.
The median follow-up time was 48.1 months (95% CI 40.5-56.2). The median follow-up times of the UHEI, RCSI, and VUMC cohorts were 30.9, 60.0, and 60.0 months, respectively. At the end of follow-up, 121 patients (70%) experienced disease progression, 104 (60%) were deceased, while 68 patients (40%) were censored with respect to OS.
Survival Analysis
Patients with CRC that underwent combination therapy with bevacizumab had a median PFS of 9.67 months (95% CI 9.18-10.56) and a median OS of 27.4 months (95% CI 22.9-32.7; fig. 1 a, b) . Patients from UHEI, RCSI, and VUMC cohorts had a median PFS of 9.9, 9.2, and 9.7 months, respectively. The OS of patients from UHEI, RCSI, and VUMC were 34.0, 20.5, and 25.1 months, respectively.
Patients who were older than 65 years at the start of treatment with bevacizumab had a significantly shorter PFS (9.5 vs. 9.8 months, p = 0.01), but no significant difference in the OS was observed (27.4 vs. 27.5 months, p = 0.43) in patients following treatment with bevacizumab ( fig. 2 a, b) . Regarding gender, no statistically significant difference in the median PFS (females: 10 months vs. males: 9.5 months, p = 0.92) or median OS (females: 25.2 months, vs. males: 27.5 months, p = 0.34) was observed.
Higher tumor grades (G3-4 vs. G1-2) correlated with a shorter PFS (7 vs. 9.9 months, p = 0.033), but had no impact on OS (p = 0.77). Tumor localization (right-sided colon cancer, left-sided colon cancer, rectal cancer) had no significant influence on PFS of patients on bevacizumab treatment (right-sided 9.2 months, left-sided 9.3 months, rectum 10.4 months, p = 0.69). There was a trend towards worse OS of patients with right-sided colon cancer compared to patients with left sided cancers and rectal cancers (19.1, 31.9, and 25 months, respectively, p = 0.24). The presence of lymph node metastases had no significant impact on the outcome regarding both PFS (N0: 10 months, N1-2: 9.7 months, p = 0.58) and OS (N0: 28.3 months, N1-2: 27.4 months, p = 0.64) in this setting of predominantly metastasized cancers. Of note, N-classification had an age-dependent impact on PFS (interaction p = 0.003): While N1-2 was of no prognostic impact in patients older than 65 years, younger patients ( ≤ 65) with positive lymph node status had shorter PFS (8.8 months) than with negative lymph nodes (14 months, p = 0.002). Tumor classification T4 (tumor penetration beyond visceral peritoneum or direct invasion into other organs or structures) at the time of diagnosis was significantly associated with both PFS (T1-T3: 10.3 months vs. T4: 6.8 months, p = 0.004) and OS (T1-T3: 32 months vs. T4: 20.5 months, p < 0.001). KRAS status could be obtained for 89 patients (52%). No significant impact on PFS or OS was observed in our cohort (PFS: p = 0.72, OS: p = 0.89).
Regarding the chemotherapy backbone administered together with bevacizumab, significant differences in PFS were observed (p < 0.001). These differences were, however, mainly attributable to 7 patients receiving bevacizumab with non-standard backbones that did not include a FP (irinotecan and bevacizumab; irinotecan, cetuximab and bevacizumab or bevacizumab monotherapy, PFS = 3.2 months), while all other backbones had similar PFS (irinotecan-doublets: 10. 133 cizumab in first line (n = 129), second line (n = 33) or in third line or later lines (n = 10) had a median PFS of 9.8, 9.9, and 5.5 months (p = 0.06). The median OS of patients treated in first line, second line, or later lines were 27.4, 32.7, and 21.3 months (p = 0.09), respectively. Univariable Cox analyses of PFS and OS of all patients following treatment with bevacizumab are shown in table 2 . In accordance with Kaplan-Meier analysis, age >65 years, higher tumor grade, T4 classification, treatment line >2nd, and non-FP chemotherapy backbone were associated with a shorter PFS, while treatment line >2nd and classification T4 predicted poor OS.
In a multivariable Cox proportional hazards regression model, a non-FP chemotherapy backbone and T4 classification were independently associated with adverse PFS. T4 classification and treatment line >2nd were independently associated with adverse OS ( table 3 ) .
Discussion
Bevacizumab has emerged as an important component of palliative therapy in CRC. According to the data presented here, patients with CRC receiving bevacizumab in combination with chemotherapy had a median PFS of 9.8 months and a median OS of 23.7 months. PFS and OS in our cohorts are comparable with survival data from prospective clinical trials, in which a PFS of 7.3-10.3 months and an OS of 10.8-25.3 months have been observed [11, 13-15, 17, 19, 24-28] .
The choice of chemotherapy (-backbone) regimen is important in the palliative treatment of CRC patients. To date, it has been mainly based on potential side effects, comorbidities, and preferences of patient and physician [29] . According to our findings, the chemotherapy backbone administered together with bevacizumab had no significant influence on either PFS or OS of patients, if a standard FPbased regimen was used. This is in accordance with previous studies, in which a median PFS of around 9-12 months and OS >20 months have been reported, regardless of chemotherapy (-doublet) used as backbone [29, 30] . Patients receiving backbones without a FP or without concomitant chemotherapy had significantly worse outcomes. It is possible that patients not receiving a FP did not receive a more debilitating chemotherapy due to co-morbidities, low performance status or frailty. Unfortunately, these factors could not be analyzed in this retrospective study. Nevertheless, it may be useful to discuss best supportive care with a patient in such a scenario, since the benefit of bevacizumab without chemotherapy or with non-standard backbones seems to be limited. Interestingly, patients treated with oxaliplatin or irinotecan doublets did not have longer PFS or OS than patients receiving only 5-FU or capecitabine together with bevacizumab. This may be explained by a larger fraction of elderly patients in our cohort that may benefit less from doublets and perform better with single 5-FU or capecitabine together with bevacizumab. However, since only about 15% of our patients were treated with 5-FU or capecitabine and bevacizumab alone, the statistical power of our analysis is weakened due to the small sample size. Regarding other clinicopathological factors, morphological grading of the primary tumor has an influence on PFS, but not on OS. Interestingly, even in the setting of patients with metastasized disease and mainly after resection of the primary tumor, T4 classification was significantly associated with worse PFS and OS and remained significantly associated with both PFS and OS in multivariable Cox analysis. This finding suggests that local tumor spread or recurrence may be a relevant, to date potentially underestimated prognostic determinant in metastasized CRC. Literature on the prognostic impact of pathologic variables of the primary tumor in patients undergoing chemotherapy for metastasized CRC is rare. A retrospective study of 788 patients with metastasized CRC presented classification T3 or T4 and high tumor grade, and also presence of nodal disease (N1/N2), diffuse metastasis, high CEA levels and low Albumin levels to be significantly associated with adverse outcome after resection of the primary tumor [31] . In our series, lymph node status, tumor localization (right colon, left colon, rectum), and gender of the patients did not show an impact on the outcome. KRAS status could be obtained only from around 50% of the patients, most likely because KRAS status was not routinely tested in all patients when the majority of our cohort started treatment with bevacizumab. A prognostic impact on the outcome was not noted for KRAS status in our cohort. n = Number; HR = hazard ratio; p = wald p value; m = male; f = female; mut = mutated; wt = wild-type; doubl = doublet; IRI = irinotecan; OX = oxaliplatin. According to our findings, patients older than 65 years had significantly shorter PFS than younger patients following treatment with bevacizumab. The difference, however, accounted only for a few weeks and no difference in OS was observed. A decrease in OS of elderly patients receiving bevacizumab compared to younger patients has been reported by observational studies and subgroup analyses of clinical trials [32] [33] [34] [35] . Slight reductions in both PFS and OS were observed in patients ≥ 70 years compared to younger patients treated with first-line bevacizumab-combination regimens in a large German observational study [36] . However, a subgroup analysis from the AGTIG MAX trial found similar benefits of adding bevacizumab to capecitabine in elderly patients >75 years to those <75 years [37] . Furthermore, according to the prospective AVEX trial that specifically evaluated elderly patients, capecitabine and bevacizumab was an effective regimen for this group of patients [25] . According to a systematic review, benefits of bevacizumab in elderly patients do not appear to be significantly different from those reported in younger patients [34] . Therefore, it is questionable if the differences observed in the PFS between elderly and younger patients found in our analysis and previous studies are clinically relevant.
In addition to the 3 single center cohorts analyzed and presented in this study, a subgroup of patients enrolled in the CAIRO2 trial (randomized phase III study of capecitabine, oxaliplatin, bevacizumab with or without cetuximab in first-line advanced CRC) that underwent first-line combination chemotherapy with CapOX and bevacizumab (Arm A) at centers in the Netherlands has been included in the genomic analysis studies conducted within Angiopredict. The clinical characteristics of these patients have previously been described [18] .
Data presented here comprised of 3 different retrospective cohorts collected by chart review. Nevertheless, the PFS for all 3 cohorts was similar, highlighting the reproducible benefits of a combination bevacizumab regimen even within heterogeneous cohorts. Data on OS differed, especially with respect to patients from the UHEI cohort, for whom OS was significantly longer. It is not possible to definitely ascertain the underlying reason for this difference in this retrospective study. A possible reason may be a higher proportion of patients undergoing (curative) resection of metastases or interventional therapies following bevacizumab administration within the UHEI cohort. When patients with resected metastasis were excluded from the UHEI cohort, the difference compared with other cohorts was reduced and no longer significant (data not shown). Data on resection of metastases was not available for the other cohorts. Nevertheless, survival rates of up to 34 months have also been reported in other CRC studies and clinical trials [28, 30] . To account for the possible cohort effect, all survival analyses (log-rank, Cox-regression) were performed with stratification by center.
Our analyses have further limitations. First, with respect to the retrospective nature of our study, we observed comparatively long survival rates in 2nd and 3rd line patients included in our analysis, which may be explained by selection bias. Also, ECOG status of our patients and adverse effects as a consequence of combination bevacizumab therapy were not analyzed in this study.
In conclusion, our data demonstrate that the survival of CRC patients receiving combination chemotherapy with bevacizumab was comparable to prospective clinical studies, providing evidence for demographically representative cohorts. A non-FP chemotherapy backbone was significantly associated with adverse outcome, while all standard combinations (doublets and single FP) resulted in comparable survival rates. T4 classification was associated with shorter PFS and OS, while age >65 years and high tumor grade were found to be associated with shorter PFS but not OS.
